Conclusions:
Preoperative asymptomatic leukocytosis has a prevalence of 5.6% in colorectal cancer resections and carries a significant increased risk of mortality and morbidity. Asymptomatic leukocytosis is associated with preoperative dehydration and malnutrition. Further studies are indicated to validate and explain these findings.
Colorectal cancer is the third most common malignant neoplasm worldwide, and is the second leading cause of cancer deaths in the United States. 1, 2 Although treatment of colorectal cancer has improved over the past 2 to 3 decades, we still need a better understanding of the role of the host response to malignancy, possible paraneoplastic syndromes, and better identification of potential prognostic predictors.
Numerous biomarkers have been introduced as prognosis predictors for colorectal cancer. 3 Recent advances indicate biomarkers may herald the next major advancement in the treatment of colorectal cancer. 3 Colony-stimulating factors (CSFs) are well-known biomarkers responsible for the in vitro and in vivo proliferation of bone narrow progenitor cells into mature differentiated cells. 4 Presence of CSF receptors has been reported in lung, ovarian, and bladder malignant tumors and can be associated with asymptomatic leukocytosis. [5] [6] [7] [8] Presence of receptors of CSFs in colorectal malignant tumors has been reported in the literature as well. 4 In lung cancer, tumor-related leukocytosis has been reported as a poor prognosis factor that has a link with the expression of CSF biomarkers. 9, 10 This link between baseline elevated leukocyte count due to expression of the CSF biomarkers and lung cancer is well established, but has not been explored for colorectal cancer. 9, 10 A large nationwide study investigating asymptomatic leukocytosis in colorectal cancer patients is of interest. This study aimed to investigate the incidence and report outcomes of asymptomatic leukocytosis in colorectal cancer patients who underwent colorectal resection, and provide a more in-depth analysis of the relationship between leukocytosis and colorectal cancer patient outcomes. The ACS NSQIP is a large, validated outcomes-based program that provides preoperative to 30-day postoperative surgical outcomes based on discharge data to improve the quality of surgical care in the United States.
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This study evaluated patients who underwent elective colorectal resections with the diagnosis of colorectal cancer using the appropriate codes, as specified by the International Classification of Diseases, 9th Revision, clinical modifications (ICD-9-CM) diagnosis codes and Current Procedural Terminology (CPT) procedural codes. Patients who had colorectal procedures were defined based on CPT codes: 44140 to 44160, 44204 to 44212, 45110 to 45114, 45119, 45123, 45126, 45395, and 45397. Patients who underwent colorectal surgery without colorectal resection, patients admitted emergently, patients with missing data regarding preoperative serum white blood cell count (WBC), patients younger than 18 years, and patients who had preoperative sepsis, septic shock, systemic inflammatory response syndrome (SIRS), wound infection, disseminated cancer, renal failure, recent steroid use, or pneumonia within 48 hours before surgery were excluded from this study (Fig. 1) . Patient diagnosis was defined based on the following ICD-9 codes: malignant neoplasm of colon and rectum (153.0 to 153.9, 154.0, 154.1, 230.3, and 230.4). Preoperative leukocytosis was defined as a blood WBC count more than 11,000/mL, in line with that reported in the literature. 12, 13 Also, hypoalbuminemia was defined as a preoperative serum albumin level lower than 3.5 g/dL.
Preoperative factors analyzed included demographic factors (age, sex, and race) and 9 comorbidity conditions including history of congestive heart failure, history of dyspnea within 30 days before surgery, bleeding disorder, diabetes mellitus with use of oral agents or insulin, smoking, weight loss (more than 10% in last 6 months), history of severe COPD, ascites within 30 days before surgery, and hypertension requiring medication. Operative factors analyzed included surgical approach (open vs laparoscopic), type of procedure (partial colectomy, total colectomy, anterior resection, Hartman procedure, proctectomy, or pelvic exenteration), and wound classification (clean, clean/contaminated, contaminated, and dirty/infected). Outcomes investigated included mortality, overall morbidity, superficial surgical site infection (SSI), deep incisional SSI, organ space SSI, wound disruption, deep vein thrombosis, pneumonia, unplanned intubation, ventilator dependency more than 48 hours, pulmonary embolism, cardiac arrest requiring CPR, progressive renal insufficiency, myocardial infarction, hemorrhagic complications, acute renal failure, and prolonged hospitalization (longer than 30 days). Other factors analyzed include: preoperative serum albumin level, hematocrit, serum blood urea nitrogen/serum creatinine ratio (BUN/Cr), American Society of Anesthesiologists (ASA) score, operation length, preoperative WBC count, preoperative chemotherapy, preoperative radiotherapy, and functional health status before surgery. The overall rates of each complication were examined. Risk adjusted analysis was performed to compare the outcomes of patients with and without asymptomatic leukocytosis.
Statistical analysis
Data were analyzed using SPSS software, Version 22 (SPSS Inc.). Logistic regression analysis was used to estimate the association between preoperative leukocytosis and each outcome, including in-hospital mortality and all of the considered postoperative complications. All variables were entered into a logistic regression model. Values of p < 0.05 were considered statistically significant. For each outcome, the adjusted odds ratio (AOR) with 95% confidence interval was calculated and reported to estimate the relative risk associated with leukocytosis. Adjustments were made for all variables of the study.
Results
A total of 59,805 patients with the diagnosis of colorectal cancer, who underwent elective colorectal resection between 2005 and 2013, were identified. Median patient age was 66 years; the majority of the patients were white (83.5%) and male (52.5%). The most common comorbidities included hypertension (54.6%) and diabetes (18.3%). Demographic data of patients are reported in Table 1 .
Among patients who underwent colorectal resection, 3,322 (5.6%) had asymptomatic leukocytosis. Mortality rates for patients with or without asymptomatic leukocytosis were 3.2% and 1.2%, respectively. In multivariate analysis of data, patients who had asymptomatic leukocytosis had significantly higher mortality (adjusted odds ratio [AOR] 1.76, p < 0.01) and morbidity (AOR 1.26, p < 0.01) ( Table 2) .
The risk-adjusted analysis for postsurgical complications associated with asymptomatic leukocytosis is reported in Table 2 . Complications such as cardiac arrest (AOR 1.78, p = 0.03), unplanned intubation (AOR 1.61, p < 0.01), and deep incisional SSI (AOR 1.55, p = 0.01) were significantly higher in patients who had asymptomatic leukocytosis.
The risk-adjusted analysis for preoperative factors associated with asymptomatic leukocytosis is reported in Table 3 . Factors such as serum albumin level (AOR 0.58, p < 0.01), BUN/Cr ratio (AOR 1.01, p < 0.01), smoking (AOR 1.96, p < 0.01), weight loss (AOR 1.78, p < 0.01) had associations with asymptomatic leukocytosis.
Postoperative morbidity and mortality of patients according to preoperative WBC count are illustrated in Figure 2 . The highest morbidity (44%) and mortality (8%) rates occurred with WBC counts higher than 17,000/μL.
Discussion
Asymptomatic leukocytosis is a negative prognostic indicator associated with significant increase in mortality and morbidity of patients undergoing colorectal cancer surgery. Our study results show a 75% increase in mortality in patients with asymptomatic leukocytosis. Asymptomatic leukocytosis also increases the risk of 7 postoperative complications. Surprisingly, noninfectious complications of cardiac arrest, unplanned intubation, and ventilator dependency had significant associations with asymptomatic leukocytosis. We confirm previous reports indicating that asymptomatic leukocytosis is linked with poor prognosis by Kasuga and colleagues, 9 Connolly and associates, 14 and Trujillo-Santosin and coworkers.
The associations between preoperative asymptomatic leukocytosis and serum albumin level in patients with asymptomatic leukocytosis may be related to the inflammatory response in such patients rather than to malnutrition. Our study results show an inverse association between serum albumin level and leukocytosis (AOR 0.58, p < 0.01). Serum albumin level has been introduced as a marker of malnutrition in the literature. 16, 17 This correlation is in line with the previous report of an association between leukocytosis and malnutrition in cancer patients by Connolly and colleagues. 14 However, many other factors also affect the serum albumin level, such as physiologic stress. More importantly, serum albumin has been shown to be an acute phase response reactant. 18, 19 A decrease in serum albumin level does not necessarily correlate directly with malnutrition, and also, an increase in serum albumin level can be the result of improvement in the overall clinical status of patients and is not necessarily due to an improved nutritional status. 18, 19 Therefore, it is difficult to conclude if the association between serum albumin and asymptomatic leukocytosis is related to malnutrition or simply is related to the inflammatory response in patients with asymptomatic leukocytosis. Further clinical trial studies are indicated to evaluate the association between asymptomatic leukocytosis and serum albumin level and determine if correcting the serum albumin level can improve outcomes of patients with asymptomatic leukocytosis.
Preoperative asymptomatic leukocytosis may link with advanced colorectal cancer. Our study results show asymptomatic leukocytosis is significantly higher in patients with preoperative unintentional weight loss and patients with low serum albumin level. Preoperative weight loss and malnutrition have been previously reported as risk factors of advanced malignancy. 14, [20] [21] [22] The association of leukocytosis with serum albumin level and weight loss in this study may suggest that leukocytosis identifies patients with a more aggressive disease. However, considering the limited published data on this topic, further clinical trial studies are indicated to evaluate associations between asymptomatic leukocytosis and advanced colorectal cancer.
The risks of postoperative infectious complications significantly increase in the presence of asymptomatic preoperative leukocytosis. We found significant associations between infectious complications of intra-abdominal infections, pneumonia, and deep incisional SSI with preoperative asymptomatic leukocytosis. Whether these correlations are due to the suppression of the immune system in advanced malignancy or are representing the impact of CSFs or other biomarkers, which suppress the immune system in advanced malignancy, is not clear. Preoperative dehydration may play a role in the pathogenesis of asymptomatic leukocytosis. Our results show preoperative asymptomatic leukocytosis has a strong association with preoperative serum BUN/Cr ratio. We found that with increasing BUN/Cr ratio the risk of leukocytosis increases. The BUN/Cr ratio has been previously identified as a marker of dehydration. [23] [24] [25] [26] Also, associations between dehydration and acute phase reactants have been reported previously. 19 Considering that 27% of patients who undergo colorectal resection have preoperative dehydration, probably due to preoperative bowel preparations and time of fasting, treatment of dehydration before operation may decrease the rate of asymptomatic leukocytosis and improve outcomes of surgical patients. 26 Our study results show significant associations between asymptomatic leukocytosis and postoperative ventilator dependency and unplanned intubation. The mechanisms responsible for the association demonstrated by this analysis are unclear. However, this can be partially explained with higher rates of malnutrition (low serum albumin levels) in patients with asymptomatic leukocytosis. 14 Preoperative malnutrition has been known as an important risk factor for postoperative ventilator dependency. 27 We also found a significant association between asymptomatic preoperative leukocytosis and postoperative intra-abdominal SSIs, including anastomotic leakage. The mechanisms responsible for the association demonstrated by this analysis are unclear. However, this may partly be explained by a higher rate of malnutrition in patients with asymptomatic leukocytosis.
Correcting the reducible predictors of asymptomatic leukocytosis may decrease mortality and morbidity of patients. Although this study introduced 7 factors that had associations with asymptomatic leukocytosis, the risk factors are nonreducible, except for serum albumin level and preoperative dehydration. Although the retrospective nature of this study makes any conclusion difficult, correcting the serum albumin level and hydration before surgery may have benefits for patients with asymptomatic leukocytosis. However, further clinical trials are indicated to evaluate if hydrotherapy and nutritional support can decrease mortality and morbidity of such patients.
Study limitations
There are several limitations to our study. This study is a retrospective review and is subject to typical biases for retrospective studies, such as selection bias. Another limitation was that data in this study were extracted from a large national database in the US, and the wide variation in hospital setting, hospital quality, surgical strategy, and surgeon expertise can confound the study. Also, coding errors in data collection may exist because of the use of discharge data in the NSQIP database.
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Although in this study we excluded patients who had preoperative sepsis, septic shock, systemic inflammatory response syndrome, renal failure, pneumonia, and wound infection from the study, and we included only patients who had elective operations, we did not have complete information about all possible preoperative occult infections such as urinary system occult infections that can cause or contribute to leukocytosis. Another limitation was that the NSQIP database does not include some potentially important details such as neutrophil/lymphocyte ratio, tumor stage, tumor markers, and pathologic nature of tumors. Despite these limitations, this study is one of the first that has reported on the associations between asymptomatic leukocytosis and postoperative complications in colorectal resection procedures using multivariate analysis.
Conclusions
Of patients who underwent elective colorectal resection with the diagnosis of colorectal cancer, 5.6% had preoperative asymptomatic leukocytosis from 2005 to 2013. Preoperative asymptomatic leukocytosis has associations with increased mortality, morbidity, and postoperative complications in colorectal cancer surgery. The risks of postoperative ventilator dependency, unplanned intubation, and organ space SSI increase with the presence of preoperative asymptomatic leukocytosis. There is a strong association between preoperative asymptomatic leukocytosis with preoperative dehydration and serum albumin level. Further studies are indicated to validate these findings, gain a better understanding of the mechanisms involved, and improve the ability to affect these pathways.
